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a b s t r a c t
This paper develops an accounting framework to consider the effect of deaths on the longitudinal analysis
of income-related health inequalities. Ignoring deaths or using Inverse Probability Weights (IPWs) to re-
weight the sample for mortality-related attrition can produce misleading results. Incorporating deaths
into the longitudinal analysis of income-related health inequalities provides a more complete picture
in terms of the evaluation of health changes in respect to socioeconomic status. We illustrate our work
by investigating health mobility from 1999 till 2004 using the British Household Panel Survey (BHPS).
We show that for Scottish males explicitly accounting for the dead rather than using IPWs to account
for mortality-related attrition changes the direction of the relationship between relative health changes
and initial income position, from negative to positive, while for other groups it signiﬁcantly increases theeywords:
ortality
ncome-related health inequality
obility analysis
ongitudinal data
strength of the positive relationship. Incorporating the dead may be vital in the longitudinal analysis of
health inequalities.
© 2011 Elsevier B.V. Open access under CC BY-NC-ND license.
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. Introduction
A strong cross-sectional relationship between individuals’
ocioeconomic status and health has been documented in numer-
us studies (Benzeval and Judge, 2001; Deaton, 2003). Signiﬁcant
ncome-related inequalities in health have persisted, and even
ncreased, in some western countries over the last decade in
pite of considerable improvements in average health status (Van
oorslaer and Koolman, 2004; Kunst et al., 2005). Thus, reducing
ocioeconomic inequalities in health has become a key pol-
cy objective for many European governments (Mackenbach and
akker, 2002; Strategic Review of Health Inequalities in England
ost 2010, 2010). As with any policy objective, it is important to be
ble to evaluate progress and understand reasons for progress in
rder to inform future policy (Exworthy et al., 2006).
Often the longitudinal analysis of income-related health
nequalities focuses on how the cross-sectional relationship,
∗ Corresponding author. Tel.: +44 01382 386164; fax: +44 01382 384691.
E-mail address: d.j.petrie@dundee.ac.uk (D. Petrie).
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oi:10.1016/j.jhealeco.2011.07.004etween income (or some other socioeconomic status indicator)
nd the morbidity of those currently alive, evolves over time
Lahelma et al., 2002; Gravelle and Sutton, 2003; Kunst et al., 2005).
owever, in order to evaluate the performance of policies in reduc-
ng income-related health inequalities, a measurement framework
s needed which simultaneously examines changes in inequality
ssociatedwithbothmorbidity changes andmortality (Khanget al.,
004).
The main measure of income-related health inequality within
he health economics literature is the concentration index
Wagstaff and Van Doorslaer, 2000). This captures the extent to
hich good health in any period is concentrated among the rich
ompared to the poor and is equal to twice the covariance between
ealth and income rank normalised by average health.
Changes in the concentration index (CI) over time have been
nalysed in the manner of Gravelle and Sutton (2003) using
epeated cross-sections, but this does not consider the impact of
ndividuals dying and dropping out of the population between
ross-sectional surveys. The changes in cross-sectional income-
elated health inequality are usually calculated based only on a
ample of those in the population at each point in time. Holding
ll else equal, if the poor are more likely to die than the rich then
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his will result in an improvement in the cross-sectional CI of those
live in the ﬁnal period, given that the health of the poor is usually
orse on average than the rich, even though such an outcome is
ikely to be viewed as a policy failure rather than a success.
The longitudinal analyses of the CI have also been conducted
sing both balanced and unbalanced panel data on individuals
here the dead are either excluded from the analysis in all peri-
ds or included only in periods where they are alive.1 One recent
ongitudinal study, Allanson et al. (2010),  tracks the performance
f individuals over time by decomposing the change in the CI into
income-related health mobility”, which measures the effect of the
elationship between health changes and the initial income rank
f the individuals on the change in the CI,  and “health-related
ncome mobility”, which measures the effect of the relationship
etween income rank changes and the ﬁnal health of the individ-
als on the change in the CI.2 While this allows one to follow the
erformance of individuals over the period it again does not cap-
ure the impact of individuals who are alive in the initial period
ut dead by the ﬁnal period, as it uses a balanced sample of only
hose alive in both periods. Taking mortality into account is impor-
ant for the evaluation of policies which tackle health inequalities
ince a failure to do so would ignore perhaps the most impor-
ant of all health outcomes. In our empirical example, we  ﬁnd
hat between 1999 and 2004 health changes due to mortality
ade up over one-third of all absolute health changes in Great
ritain.
One option used to deal with attrition in analysing the dynam-
cs of health is to re-weight the sample using inverse probability
eights (IPWs) (Contoyannis et al., 2004; Jones et al., 2006; Lorgelly
nd Lindley, 2008; Van Kippersluis et al., 2009). This involves plac-
ng extra weight on those individuals within the ﬁnal sample who
ppear to have the same initial characteristics as those who  drop
ut of the sample. However, in the current context, it seems unrea-
onable to assume that there are some individuals who stay within
he sample (stay alive) who could represent the longitudinal expe-
ience of those that die, given that death is the most extreme health
utcome possible.3 In particular, if those that die between the initial
nd ﬁnal period were in general sicker in the initial period, then by
onstruction the sick in the initial period that survive obviously had
 better longitudinal experience in terms of their health. Therefore,
imply placing more weight on the performance of these individu-
ls would bias the result. In our empirical example we  show that for
cottish males explicitly accounting for the dead rather than using
PWs to account for mortality-related attrition changes the direc-
ion of the relationship between relative health changes and initial
ncome position, from negative to positive, while for other popu-
ation groups it signiﬁcantly increases the strength of the positive
elationship.This paper aims to provide a uniﬁed framework for the longitu-
inal analysis of changes in income-related health inequality due
o both morbidity changes and mortality, based on the assump-
1 In most cases individuals who die during the period are excluded from the sam-
le when a longitudinal perspective is taken as in Wildman (2003), Jones and Lopez
icolas (2004) and Allanson et al. (2010). Islam et al. (2010) compare the results
rom an unbalanced sample with a balanced sample while investigating the extent
o  which income-related health inequalities change as the population ages.
2 Note that in Allanson et al. (2010) we also outline an alternative decomposi-
ion which measures “income-related health mobility” and “health-related income
obility” from a different perspective. In this alternative perspective income-
elated health mobility represents the relationship between ﬁnal income rank and
ealth changes over the period as opposed to the relationship between initial
ncome rank and health changes which is the focus in the current paper.
3 Jones et al. (2006) do note that non-response associated with idiosyncratic mor-
idity shocks are likely problematic and that their Hausman test is unlikely to pick
p this type of bias.
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ion that the dead are assigned a health state of zero.4 First, we
rovide an overview of the longitudinal methods employed by
llanson et al. (2010).  Second, we extend these methods to explic-
tly account for the impacts of mortality on income-related health
nequalities. The paper then uses data from the BHPS (British
ousehold Panel Survey) to perform a forward looking evalua-
ion of the extent to which relative health changes from 1999 to
004 in England & Wales and in Scotland were progressive in the
ense that they have favoured the initially poor. It compares the
esults when mortality is assumed to be just another form of attri-
ion and adjusted for using IPWs to when mortality is explicitly
aken account of in the decomposition analysis. Finally, the paper
ompares the performance of England & Wales versus Scotland in
ackling income-related health inequalities over this period.
. Decomposition methodology
.1. Review of Allanson et al. (2010)
The approach is based on the simple observation that any
hange in income-related health inequality over time must arise
rom some combination of changes in health outcomes and income
anks. By decomposing the change in CI between two periods, an
ndex of income-related health mobility is provided that captures
he effect on short run income-related health inequality of dif-
erences in relative morbidity changes between individuals with
ifferent levels of initial income. Thus, the measure addresses the
uestion of whether the pattern of morbidity changes is biased in
avour of those with initially high or low incomes, providing a nat-
ral counterpart to measures of income-related health inequality
hat address the issue of whether those with better health tend
o be the rich or poor. In addition, a health-related income mobil-
ty index that captures the effect of the reshufﬂing of individuals
ithin the income distribution on cross-sectional income-related
ealth inequalities is obtained.
The change in the short run CI between any initial (or start)
eriod s and any ﬁnal period f of only those alive in both periods is
ecomposed into two  parts5:
IAff − CIAss =
2
h¯A
f
cov(hAif , R
A
if ) −
2
h¯As
cov(hAis, R
A
is)
=
(
2
h¯A
f
cov(hAif , R
A
if ) −
2
h¯A
f
cov(hAif , R
A
is)
)
+
(
2
h¯A
f
cov(hAif , R
A
is) −
2
h¯As
cov(hAis, R
A
is)
)
= (CIAff − CIAfs) + (CIAfs − CIAss) = MAR − MAH, (1)
here CIAss and CI
A
ff
are the CI’s in periods s and f respectively of those
ndividuals who  are alive (A) in the ﬁnal period, and CIA
fs
is the CI
btained when health outcomes in the ﬁnal period are ranked by
ncome in the initial period; h¯A
f
is the average ﬁnal health of all those
¯ Aho survive to the ﬁnal period; hs is the average initial health of
ll those who survive to the ﬁnal period; hA
if
is the ﬁnal health of
ndividual i who survives to the ﬁnal period; hA
is
is the initial health
4 We also show in our empirical example that, even when taking a more conserva-
ive assumption regarding the weight of mortality, using IPWs can create signiﬁcant
ias.
5 Note that CIxy refers to the CI relating to health from period x and income rank
rom period y.
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= (CIss − CIs)
(
h
h¯f
)
= Pq (4)D. Petrie et al. / Journal of Heal
f individual i who survives to the ﬁnal period; RA
if
is the relative
ncome rank6 of individual i in the ﬁnal income distribution of all
hose alive in the ﬁnal period, and RA
is
is the relative income rank
f individual i in the initial income distribution of all those alive in
he ﬁnal period.
In (1),  the index MAH = (CIAss − CIAfs) provides a measure of income-
elated health mobility, which captures the effect of differences in
elative morbidity changes between individuals with different ini-
ial levels of income. MAH is positive (negative) if morbidity changes
re progressive (regressive) in the sense that the poorest individu-
ls either enjoy a larger (smaller) share of total morbidity gains or
uffer a smaller (larger) share of total morbidity losses compared
o their initial share of health, and equals zero if relative morbid-
ty changes are independent of income. MAH in turn depends on the
evel of progressivity and scale of morbidity changes:
A
H = (CIAss − CIAfs) =
(
2
h¯As
cov(hAis, R
A
is) −
2
h¯A
f
cov(hAif , R
A
is)
)
=
(
2
h¯As
cov(hAis, R
A
is) −
2
h
A
cov(hAif − hAis, RAis)
)(
h
A
h¯A
f
)
= (CIAss − CIAs)
(
hA
h¯A
f
)
= PAqA (2)
here CIA
s
is the concentration coefﬁcient of morbidity changes
anked by initial income7 and hA = h¯A
f
− h¯As is the average mor-
idity change between the two periods of those who  are still alive in
he ﬁnal period. Progressivity is captured by the disproportionality
ndex PA = (CIAss − CIAs) and measures the concentration of rela-
ive morbidity changes within the poor. Note that if the average
orbidity change is negative, then PA will be negative if health
epreciation is progressive (such that relative morbidity losses
end to be larger for rich individuals than poor ones). For any given
A, the gross redistributive effect is proportional to the scale of
orbidity changes qA = hA/h¯A
f
, measured as the ratio of average
orbidity changes to average ﬁnal period health.
The income-related health mobility index MAH will not exactly be
qual to the change in income-related health inequality because it
oes not allow for the effect of changes in the ranking of individuals
n the income distribution between the initial and ﬁnal periods.
his effect is captured by the health-related income mobility index
A
R = CIAff − CIAfs which measures the extent to which the re-ranking
f income is related to the ﬁnal health status of individuals.
While this analysis does examine the performance of individuals
ver time it is only applicable to a balanced sample and thus cannot
ake into account those that die between the two  periods. We  next
xtend this analysis to explicitly consider the impact of mortality
n the change in the CI.
.2. Accounting for the dead
We  now decompose the change in the concentration index
cross two periods explicitly taking into account that some of the
nitial population may  die and therefore will not be included in the
nal period evaluation of income-related health inequalities. In this
6 The relative income rank varies between 0 and 1 where 0 is the poorest person
nd 1 is the richest person.
7 Note that CIA
s
will be negative (positive) if individuals with low initial incomes
xperience a larger (smaller) share of total health gains or losses than those with
igh incomes, and will equal zero for a universal ﬂat-rate gain or loss.
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xtended decomposition the income-related health mobility index
s now deﬁned over the whole population alive in the initial period,
nd therefore also includes health changes due to mortality. And
he health-related income mobility index now captures not only
he effect of income re-ranking among survivors but also the effect
f the dead not being included in the ﬁnal period concentration
ndex.8
Let CIA
ff
again denote the ﬁnal period CI among all those indi-
iduals who are alive in the ﬁnal period whereas CIss is the initial
eriod CI among all individuals, including those who die between
he two  periods. We  decompose the difference between these two
ross-sectional CIs;
IAff − CIss =
2
h¯A
f
cov(hAif , R
A
if ) −
2
h¯s
cov(his, Ris)
=
(
2
h¯A
f
cov(hAif , R
A
if ) −
2
h¯f
cov(hif , Ris)
)
+
(
2
h¯f
cov(hif , Ris) −
2
h¯s
cov(his, Ris)
)
= (CIAff − CIfs) + (CIfs − CIss) = MR − MH (3)
here h¯s is the average initial period health of all individuals
egardless of whether they are alive or dead in the ﬁnal period;
¯
f is the average ﬁnal period health of all individuals including the
ead who are assumed to have a health of zero; Ris is the rela-
ive income rank of an individual in the initial period (regardless of
hether they are alive or dead in the ﬁnal period); his is the health
f an individual in the initial period regardless of whether they are
live or dead in the ﬁnal period; hif is the health of an individual in
he ﬁnal period where if the individual is dead they are assumed to
ave zero health; and CIfs is the concentration index of ﬁnal health
anked by initial income where the dead are also included in the
alculation.
The income-related health mobility index (MH = CIfs − CIss) cap-
ures the effect of differences in relative health changes (including
oth morbidity changes and mortality) between individuals with
ifferent initial levels of income, which depends upon both the level
f progressivity (P) of the health changes and the scale of health
hanges (q).
H =
(
2
h¯s
cov(his, Ris) −
2
h¯f
cov(hif , Ris)
)
=
(
2
h¯s
cov(his, Ris) −
2
h
cov(hif − his, Ris)
)  (
h
h¯f
)8 In the current paper we  decompose the difference between the ﬁnal concen-
ration and initial concentration indices where the ﬁnal concentration index only
ncludes those still alive. Alternatively one might think about a symmetric treatment
or income (where it was also assumed to be zero in the ﬁnal period for the dead)
hich could be obtained if the ﬁnal concentration index included those that had
ied during the period with zero health and zero income. However, we prefer the
ormer approach as we consider it more relevant to explain these changes since the
ross-sectional estimates normally presented in the literature only consider those
live in each period. In addition, if individuals were kept in the ﬁnal CI after they died
hen mortality would always result in a worsening of the ﬁnal CI, even if mortality
as random among all individuals (i.e. not related to income), which we consider
o  be a less interesting result.
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here h  is the average change in health (including both morbidity
hanges and mortality), and CIs is the concentration index of the
hange in health (included both morbidity changes and mortality)
y initial income rank.
Furthermore MH can be expanded to consider the separate
ertical redistributive effects of health changes due to morbidity
hanges (health changes for those still alive in the ﬁnal period)
nd those health changes due to mortality (the health status of
on-survivors dropping to zero):
H = (CIss − CIs)
(
h
h¯f
)
= Pq
=
(
2
h¯s
cov(his, Ris) −
2
h
cov(hi, Ris)
)  (
h
h¯f
)
=
(
2
h¯s
cov(his, Ris) −
2
h
cov(hMBi + hMTi , Ris)
)
×
(
hMB + hMT
h¯f
)
=
((
hMB + hMT
h¯f
)
2
h¯s
cov(his, Ris)
−
(
hMB
h¯f
2
hMB
cov(hMBi , Ris)
+h
MT
h¯f
2
hMT
cov(hMTi , Ris)
))
=
(
2
h¯s
cov(his, Ris) −
2
hMB
cov(hMBi , Ris)
)
hMB
h¯f
+
(
2
h¯s
cov(his, Ris) −
2
hMT
cov(hMTi , Ris)
)
hMT
h¯f
= (CIss − CIMBs )
(
hMB
h¯f
)
+ (CIss − CIMTs )
(
hMT
h¯f
)
= PMBqMB + PMTqMT = MMBH + MMTH (5)
here hMB
i
and hMT
i
, are health changes due to morbidity
hanges and mortality respectively and are deﬁned so that only
ne of the measures can be non-zero for any individual.9 hMB
s the average morbidity change for the whole sample including
he dead whom by construction have no change in morbidity and
hMT is the average mortality related change for the whole sample
ncluding those still alive in the ﬁnal period who have no change
n health related to mortality. The overall redistributive effect can
hus be decomposed into the effects of the two sources of health
hanges, where each component can in turn be expressed in terms
f the progressivity and scale of that type of health change relative
o the initial distribution of health and income. By deﬁnition, q =
MB + qMT where the scaling factor due to mortality will be higher
han might be expected since the averages are determined by net
ather than gross health changes. This is because health changes
ue to mortality are all negative while health changes due to mor-
idity are both positive and negative and will therefore to some
xtent cancel each other out. It is also easily shown that the overall
rogressivity index is simply the weighted average of the com-
onent progressivity indices, P = (qMB/q)PMB + (qMT/q)PMT , with
eights determined by the net health change shares.
9 For those dead by the ﬁnal period, their health change between the two periods
s  credited to mortality (i.e. zero morbidity related health change).
s
n
M
t
bnomics 30 (2011) 1113– 1123
We  now expand the income re-ranking term MR into two key
omponents. Some of the income re-ranking is due to the dead
ropping out of the income distribution (and the remaining being
e-ranked as a result) while some income re-ranking still reﬂects
he shufﬂing of those alive in both periods.
R =
(
2
h¯A
f
cov(hAif , R
A
if ) −
2
h¯f
cov(hif , Ris)
)
=
(
2
NAh¯A
f
A∑
i
(hAif )
(
RAif −
1
2
)
− 2
Nh¯f
N∑
i
(hif )
(
Ris −
1
2
))
(6)
oting that NAh¯A
f
= Nh¯f given that those dead in the ﬁnal period
re given a health status of zero, (5) may  be re-written as:
R =
(
2
Nh¯f
A∑
i
(hAif )
(
RAif −
1
2
)
− 2
Nh¯f
A∑
i
(hAif )
(
Ris −
1
2
)
− 2
Nh¯f
N∑
i=A+1
(hDif )
(
Ris −
1
2
))
(7)
here hD
if
is the ﬁnal health state of non-survivors which by
ssumption will be equal to zero. Thus, (7) becomes;
R =
(
2
Nh¯f
A∑
i
(hAif )(R
A
if − Ris)
)
(8)
e then use the relative income rank for the initial period income,
xcluding those dead in the ﬁnal period, RA
is
, to separate the re-
anking effect due to reshufﬂing of those still alive compared to
he re-ranking effect due to the dead dropping out of the sample.
MR =
2
Nh¯f
A∑
i
(hAif )(R
A
if − RAis) +
2
Nh¯f
A∑
i
(hAif )(R
A
is − Ris)
MR = MMBR + MMTR
(9)
he term MMBR = (2/Nh¯f )
∑A
i (h
A
if
)(RA
if
− RA
is
) measures the relation-
hip between the change in the relative income rank based on ﬁnal
ealth, only considering those living in both periods,10 and the
erm MMTR = (2/Nh¯f )
∑A
i (h
A
if
)(RA
is
− Ris) reﬂects the change in the
nal concentration index due to the dead dropping out of the index.
For MMTR if those who  died were, in general, poorer in the initial
eriod then (RA
is
− Ris) is likely to be negative as those who  survive
re likely to have been ranked higher in the initial period when
hose who  died were included in the ranking rather than when
hey were excluded (e.g. if we  remove the poorest person from the
ncome distribution then all individual income ranks will fall as
hey become closer to being the poorest person). And thus, given
hat the ﬁnal health of all those still alive (hA
if
) must be positive then
f those who survived were on average richer in the initial period,
hen this second term will be negative. As a result the change in con-
entration indices between the two  periods would be less positiveurvivors would seem less pro-rich than otherwise. If deaths were
ot related to initial income and instead random then (RA
is
− Ris)
10 Note that as long as the sample weights for each observation are the same then
MB
R
will be identical to MA
R
. In our empirical study the sample weights are not exactly
he  same due to different re-weightings for attrition so there are slight differences
etween the two results.
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nd thus MMTR would be expected to be zero and there would be no
ffect on the ﬁnal CI.
. Empirical analysis
We  use both the original decomposition (Allanson et al., 2010)
n the balanced sample of those alive in both periods and the new
ecomposition outlined above that accounts for the dead to evalu-
te the extent to which relative health changes from 1999 to 2004
f residents in Scotland and in England & Wales11 were biased in
avour of the poor or the rich and to explore the other reasons for
he observed changes in income-related health inequalities.
We apply the measures separately for males and females and
rovide a comparative analysis between Scotland and the rest
f Great Britain to explore their performances in tackling health
nequalities following the devolution of health policy to Scotland
n 1999.12
.1. Data
This paper employs data from the annual British Household
anel Survey (BHPS). The BHPS is a longitudinal survey of pri-
ate households in Great Britain, based on an original, nationally
epresentative sample of 5500 households and 10,300 individu-
ls in 1991. A further 1500 households were added to the survey
n both Scotland and Wales in 1999, and 2000 households from
orthern Ireland in 2001. In addition from 1994 the BHPS included
he UK component of the European Community Household Panel
ECHP) but this sub-sample stopped after 2001. The BHPS is a multi-
urpose survey providing information on, inter alia, health, income
nd wealth, education, employment, housing, household composi-
ion, smoking, leisure activities and individual demographics. The
urrent analysis considers all those who answered a full question-
aire in 1999 and then follows these individuals until 2004. The
auses of sample attrition between waves, including deaths, are
ecorded where known.
.1.1. Health measure
The health measure used is Quality Adjusted Life Years (QALYs)
erived from the SF6D instrument (Brazier et al., 2002), which is
vailable for 1999 and 2004 in the BHPS (i.e. Waves 9 and 14). Those
ho had been reported deceased by friends, family members or
ther contacts in or before 2004 were given a QALY weight of zero
n 2004.
.1.2. Income measure
The income measure (y) used is equivalised household income,
hich takes into account the number of adults and children in the
ousehold using the McClements equivalence scale (Taylor, 1995).
ecause the analysis only involves the relative income rank at each
oint in time there is no need to convert incomes into real terms.
.1.3. Sample deﬁnition
Our initial sample includes all those who answered a full
uestionnaire in 1999.13 Those who were resident in North-
rn Ireland are excluded from the sample because they are all
11 We deﬁne residence based on 1999. Of those individuals whom resided in Eng-
and in 1999, 16 (<1%) are found to reside in Scotland in 2004. Of those individuals
ho  resided in Scotland in 1999, 26 (<1%) are found to reside in England or Wales
n  2004.
12 Health powers were also devolved to Wales, but we do not consider it by itself
ue to its small sample size within the BHPS.
13 Only those who answered a full questionnaire have the data available to derive
heir QALY health status.
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rom the ECHP sub-sample which stopped in 2001 (before our
nal period). The BHPS provides cross-sectional weights (W)
or respondents who  answered the full questionnaire in 1999
hich are based on the BHPS sample including those from the
CHP.
.2. Adjusting sample weights for missing data and sample
ttrition
Some individuals in the sample do not have health reported
n the initial period and others do not have reported health
nd/or income in the ﬁnal period. A proportion of the latter
re because individuals die between the two periods, but deaths
re not the only cause of sample attrition and therefore to pro-
ide a more accurate picture of the forward looking evaluation
f changes in income-related health inequalities we  also con-
ider other reasons for sample attrition. We report the differences
n initial health, income and age for all those that drop out of
he sample in the ﬁnal period against those who  remain in the
ample.
To control for missing data and sample attrition we use Inverse
robability Weights (IPWs) (as in Jones et al., 2006 and Wooldridge,
002). This is done by using probit models to derive the prob-
bility with regards to the likelihood of non-response for each
ndividual in the initial sample. These are then used to adjust the
nitial sample weights such that those who  had a higher prob-
bility of non-response are given a greater weight, as they are
nderrepresented in the observed sample. We derive two differ-
nt alternative ﬁnal weightings, one which considers death as
ust another source of sample attrition and one which excludes
eaths as a form of sample attrition. Note that while re-weighting
he sample to take account of death-related attrition is likely to
roduce misleading results, re-weighting the sample for other
ttrition will have no effect on the progressivity and vertical redis-
ribution indices if those that leave the sample have, on average,
he same longitudinal proﬁles as those individuals with similar
nitial characteristics who remain in the sample.14 In all cal-
ulations we provide weighted indices where the weights are
erived from a combination of the cross-sectional sample weights
rom 1999 and our adjustment due to missing data and sample
ttrition.
Some individuals who  receive a full interview in 1999 have data
issing on the required health variables in 1999.15 In order to cor-
ect the sample weightings for this we  use IPWs to re-weight the
ample based on initial income (y0), gender, age in 1999 (Age0) and
hether the individual was resident in Scotland (Sco0) as opposed
o England or Wales in 1999. The dependent variable Fulli is equal
o 1 if the individual has data on health in 1999 and ε1i is assumed
o be normally distributed.+ ε1i > 0
= 0 otherwise
14 Obviously there are reasons for sample attrition other than death, such as age,
nﬁrmity, disability and institutionalisation, where we may expect that the longitu-
inal proﬁles in terms of health and income were different than those who stayed
ithin the sample. However, compared with death for these other categories it is
ore difﬁcult to make assumptions about the predicted ﬁnal health state. Also in
he current empirical illustration these categories make up less than 1% of the total
opulation and therefore are unlikely to have a major impact on the ﬁnal results.
15 141 individuals did not have health data for 1999.
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4.9% of males and females respectively whom had died between
the two periods. Between 1999 and 2004 health changes related to
mortality made up 37% and 29% of all absolute health changes for
English & Welsh males and females respectively. While for Scot-118 D. Petrie et al. / Journal of Hea
he predicted probability for each individual Pˆ(Fulli) is then used
o adjust the original cross-sectional weights Wi to derive the new
eights (WN1i)16;
N1i =
Wi
Pˆ(Fulli)
s mentioned earlier, the BHPS cross-sectional weights provided
or 1999 are derived from the BHPS sample including those from
he ECHP. The ECHP sample, however, are excluded from the full
HPS after 2001. This combined with the fact that the ECHP sample
ithin the BHPS was oversampled from low-income households
Taylor et al., 2010) means there is a need to correct the 1999 cross-
ectional weights for the non-inclusion of the ECHP households
n our longitudinal sample. In order to adjust the cross-sectional
eights we use another set of IPWs to re-weight the sample based
n initial income (y0), initial health (QALY0), gender, age in 1999
nd whether the individual was resident in Scotland (Sco0) in 1999,
here NECHPi is equal to 1 if an individual was not in the ECHP
ub-sample and ε2i is assumed to be normally distributed.
NECHPi = 1 if ˛0 + ˛1y0i + ˛2QALY0i + ˛3Genderi + ˛4Age0i
+ ˛5Sco0i + ε2i > 0
= 0 otherwise
he predicted probability for each individual Pˆ(NECHPi) is then used
o adjust the current cross-sectional weights WN1i to derive the
ew weights (WN2i):
N2i =
WN1i
Pˆ(NECHPi)
Next we address the problem of non-random attrition between
he initial and ﬁnal periods. We  apply the same IPW procedure as
bove to take into account those individuals who did not receive a
ull interview or had missing data on health in the ﬁnal period 2004.
ere we derive two different possible weightings. First, one weight-
ng assumes reported deaths are not attrition, such that, NMissfi is
qual to 1 if the individual had data on health in the ﬁnal period or
ad been recorded as having died before the ﬁnal period.
NMissfi = 1 if 0 + 1yi0 + 2QALYi0 + 3Genderi + 4Agei0
+ 5Sco0i + ε3i > 0
= 0 otherwise
he random error term ε3i is again assumed to be normally dis-
ributed. The predicted probability for each individual Pˆ(NMissfi) is
hen used to adjust the current cross-sectional weights (WN2i) to
erive the new weights (WN3i):
N3i =
WN2i
Pˆ(NMissfi)
nd the alternate ﬁnal weightings which assumes death as just
nother form of attrition, such that, NMissDfi is equal to 1 if the
ndividual had data on health in the ﬁnal period but had not been
ecorded as having died before the ﬁnal period.
NMissDfi = 1 if 0 + 1y0i + 2QALY0i + 3Genderi + 4Age0i
+ 5Sco0i + ε4i > 0
= 0 otherwise
16 Note that two individuals do not report their age and therefore are given their
nitial weights with no adjustment.
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he predicted probability for each individual Pˆ(NMissDfi) is then
sed to adjust the current cross-sectional weights (WN2i) to derive
he new weights (WN4i):
N4i =
WN2i
Pˆ(NMissDfi)
The decomposition of Allanson et al. (2010),  which considers
nly those alive in both periods, is applied using sample weights
ssuming reported death as just another form of attrition. While,
he new decomposition described in this paper, which considers
oth those alive and dead in the ﬁnal period, is applied using the
ample weights derived assuming reported death is not a form of
ttrition.
.3. Robustness
In order to explore the statistical signiﬁcance of the results and
hether or not the results differ across genders and countries we
pply a bootstrap sampling procedure 2000 times, where the re-
ampling occurs at the clustered level (Primary Sampling Unit)
ithin each major Strata17 (see Biewen (2002) regarding bootstrap
nference for inequality and mobility measures). The mobility cal-
ulations are re-estimated for each bootstrapped sample to provide
5% conﬁdence intervals around the concentration and mobility
ndices and provide signiﬁcance levels.
To further illustrate that explicitly taking mortality into account
n the decomposition rather than just using IPWs is important we
lso take a very conservative approach and estimate the income-
elated health mobility assuming death has an implied weight of
.319 rather than zero, where 0.319 is the lowest QALY weight of
nyone still alive in our population in the ﬁnal period.18 However,
he detailed results provided in the paper assume death is equiv-
lent to a zero QALY weight as this is more consistent with the
urrent health economics literature.
. Results
.1. Deaths and sample attrition
Table 1 provides the frequency of reasons for sample attrition for
oth England & Wales and Scotland, plus some descriptive statistics
elating to the initial mean health, mean income and mean age of
ach group. In England & Wales, 29.5% and 26.4% of the males and
emales respectively who  had answered the full BHPS question-
aire in 1999 failed to answer the full questionnaire in 2004. These
ncluded, 4.9% and 4.3% of males and females respectively who were
live in England & Wales in the initial period but who had been
eported deceased by the ﬁnal period. This is compared to Scotland
here 35.1% and 35.0% of males and females respectively failed
o answer the full questionnaire in 2004 which included 5.0% and17 The bootstrapping procedure also includes re-deriving sample weights; adjust-
ng for missing initial health, ECHP membership and sample attrition. Note that the
CHP does not have a primary sampling unit as the individuals come from a different
ampling framework. In terms of the bootstrapping procedure the ECHP sample are
onsidered as a separate stratum with each individual within the ECHP considered
s  a separate primary sampling unit.
18 We thank Tom Van Ourti for this suggestion.
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Table 1
Reasons for sample attrition in 2004 and descriptive statistics for each group in 1999.
Interview status in 2004 Number in each category Mean health 1999 Mean income 1999 (£,000s) Mean age 1999
Scotland England &
Wales
Scotland England &
Wales
Scotland England &
Wales
Scotland England &
Wales
Males
Full interview in 2004 892 (64.9%) 3391 (70.5%) 0.83 (0.12) 0.83 (0.11) 23.8 (24.1) 24.5 (20.5) 44.4 (16.6) 44.6 (16.9)
Dead  69 (5.0%) 234 (4.9%) 0.71 (0.17) 0.70 (0.16) 15.3 (11.2) 16.4 (10.6) 71.3 (12.5) 71.0 (14.0)
Full  interview in 2004 (no health data) 12 (0.9%) 44 (0.9%) 0.81 (0.12) 0.80 (0.15) 29.9 (25.0) 23.8 (18.6) 47.3 (16.8) 57.5 (19.7)
Proxy interview 10 (0.7%) 62 (1.3%) 0.86 (0.12) 0.79 (0.16) 28.7 (17.7) 22.3 (21.3) 40.8 (11.6) 44.6 (19.3)
Telephone interview 74 (5.4%) 169 (3.5%) 0.81 (0.14) 0.84 (0.11) 23.3 (13.7) 23.8 (14.6) 43.7 (14.4) 42.0 (17.1)
Refusal 86 (6.3%) 212 (4.4%) 0.84 (0.11) 0.82 (0.13) 21.4 (13.7) 20.0 (12.5) 43.0 (18.5) 41.0 (17.9)
Other non-interview 12 (0.9%) 41 (0.9%) 0.87 (0.06) 0.84 (0.13) 24.4 (16.6) 16.7 (9.1) 28.8 (15.2) 31.8 (13.6)
Age,  inﬁrmity or disability 5 (0.4%) 13 (0.3%) 0.61 (0.19) 0.67 (0.13) 13.4 (4.1) 13.2 (10.8) 69.4 (9.9) 72.0 (15.4)
Non-contact 100 (7.3%) 242 (5.0%) 0.81 (0.13) 0.82 (0.14) 17.2 (13.3) 21.0 (17.2) 31.1 (13.2) 32.7 (12.9)
Out-of-scope 34 (2.5%) 83 (1.7%) 0.84 (0.10) 0.86 (0.10) 25.3 (16.8) 26.8 (16.2) 35.8 (13.6) 35.9 (13.4)
Institutionalised 3 (0.2%) 10 (0.2%) 0.77 (0.19) 0.67 (0.11) 14.5 (5.0) 14.3 (12.3) 57.0 (31.2) 73.2 (8.2)
Isolated temporary sample member 14 (1.0%) 155 (3.2%) 0.84 (0.11) 0.82 (0.12) 20.4 (19.8) 31.2 (39.4) 34.6 (10.6) 34.3 (13.9)
Adamant refusal at previous wave 61 (4.4%) 145 (3.0%) 0.85 (0.11) 0.81 (0.15) 24.1 (13.4) 23.6 (18.1) 44.7 (16.5) 43.9 (18.6)
Long-term untraced or withdrawn 3 (0.2%) 8 (0.2%) 0.88 (0.08) 0.86 (0.03) 12.9 (9.5) 29.6 (15.7) 42.0 (12.5) 31.6 (7.3)
Total  with health data in 1999 1375 4809
Females
Full interview in 2004 1129 (65.0%) 4122 (73.6%) 0.80 (0.13) 0.79 (0.13) 22.1 (23.9) 22.5 (21.8) 44.7 (17.1) 45.5 (17.4)
Dead 85 (4.9%) 241 (4.3%) 0.63 (0.16) 0.64 (0.16) 14.0 (12.0) 14.1 (9.8) 74.2 (12.5) 75.5 (12.4)
Full  interview in 2004 (no health data) 6 (0.3%) 49 (0.9%) 0.82 (0.09) 0.75 (0.16) 16.2 (13.0) 22.4 (12.5) 61.3 (13.0) 52.1 (15.9)
Proxy interview 4 (0.2%) 26 (0.5%) 0.77 (0.10) 0.77 (0.16) 24.7 (12.2) 17.6 (11.3) 41.8 (26.0) 53.1 (22.9)
Telephone interview 79 (4.6%) 211 (3.8%) 0.79 (0.13) 0.81 (0.12) 20.0 (12.3) 22.9 (21.5) 46.8 (15.2) 42.5 (15.6)
Refusal 110 (6.3%) 215 (3.8%) 0.80 (0.14) 0.79 (0.14) 19.3 (12.3) 19.2 (13.8) 44.1 (18.8) 42.1 (19.6)
Other non-interview 23 (1.3%) 39 (0.7%) 0.79 (0.13) 0.78 (0.13) 23.9 (21.2) 18.6 (13.1) 38.0 (19.7) 43.1 (20.8)
Age,  inﬁrmity or disability 8 (0.5%) 40 (0.7%) 0.67 (0.18) 0.66 (0.16) 8.4 (4.4) 12.1 (8.2) 70.6 (12.0) 79.4 (9.4)
Non-contact 154 (8.9%) 189 (3.4%) 0.79 (0.13) 0.79 (0.14) 17.0 (13.6) 17.8 (15.8) 29.5 (10.8) 33.0 (14.8)
Out-of-scope 39 (2.2%) 107 (1.9%) 0.84 (0.14) 0.83 (0.11) 22.5 (15.4) 26.4 (16.8) 36.4 (15.2) 34.8 (15.0)
Institutionalised 2 (0.1%) 10 (0.2%) 0.75 (0.12) 0.72 (0.13) 9.2 (0.25) 15.0 (13.3) 77.5 (3.5) 73.8 (19.7)
Isolated temporary sample member 10 (0.6%) 159 (2.8%) 0.78 (0.13) 0.79 (0.12) 15.9 (9.3) 24.3 (23.1) 32.5 (12.8) 33.8 (16.2)
Adamant refusal at previous wave 84 (4.8%) 183 (3.3%) 0.82 (0.13) 0.80 (0.14) 24.6 (16.1) 22.8 (21.0) 44.2 (17.4) 48.4 (19.3)
Long-term untraced or withdrawn 3(0.2%) 7 (0.1%) 0.88 (0.02) 0.73 (0.14) 11.4 (10.9) 24.4 (20.8) 39.3 (8.4) 33 (14.7)
Total  with health data in 1999 1736 5598
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Table 2 shows, for Scottish males, that when mortality is treated
as just another form of attrition using IPWs, income-related healthn-weighted statistics. Standard deviations in brackets for health, income and age.
and, mortality contributed 39% and 34% to all the absolute health
hanges for males and females respectively.19
In general, for both countries it can be seen that those who
ied between the two periods were sicker, poorer and older in
999 compared to those who survived. Those who  did not respond
n 2004 due to age, inﬁrmary, disability or because they were
nstitutionalised were also sicker, poorer and older in 1999 but
hese accounted for only a very small percentage of the total sam-
le (<1%). Compared to England & Wales, those in Scotland who
nswered the full questionnaire in 1999 were less likely to answer
he full questionnaire again in 2004 mainly due to a higher refusal
ate (including adamant refusals at previous waves), more people
ot being contactable and more telephone interviews taking place
n Scotland for 2004.
.2. Sample weights and inverse probability weightings (IPWs)
Appendix A, Table A1,  provides the results for each of the probit
odels which are used to derive the inverse probability weightings
IPW) and thus re-weight the sample for missing initial health data
n 1999, ECHP sub-sample exclusion, sample attrition and missing
ealth data in 2004 including death and the sample attrition and
issing health data in 2004 excluding death. The results suggest
19 For both countries these ﬁgures are unweighted statistics.
m
f
h
ahat older individuals who  answered the full questionnaire in 1999
ere signiﬁcantly less likely to have their health variable available
n 2004 than younger individuals. As expected, those in the ECHP
ample were more likely to be poorer, older and sicker in 1999 than
hose in the regular BHPS sample.20
In both cases, when deaths were either accounted for explic-
tly or treated simply as another form of attrition, non-response
as signiﬁcantly related to among other things initial health and
ncome. Those who did not give a full interview (apart from those
ecorded as dead) or did not answer the necessary health questions
n 2004 were signiﬁcantly more likely to be male, younger, poorer,
icker and from Scotland in 1999 than those who  either answered
he health questions in the full interview for 2004 or were recorded
s dead by 2004.
.3. Decomposition results by treatment of deathobility is positive, which would imply that relative health changes
rom 1999 to 2004 were progressive such that those with initially
20 Given that the ECHP component within the BHPS oversampled low-income
ouseholds (Taylor et al., 2010) by selecting those households with characteristics
ssociated with low income in the ECHP.
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Table 2
Males: concentration and mobility indices for Scotland and England & Wales.
Mortality treated as a form of
attrition using IPWs
Mortality explicitly accounted for in the
decomposition
Scotland England & Wales Scotland England & Wales Scotland-E&W
differences
Mean health 1999 h¯As /h¯s 0.816
*** 0.825*** 0.817*** 0.822*** −0.00559
Mean health 2004 (including the dead) h¯f – – 0.778*** 0.767*** 0.0105
Mean  health 2004 (excluding the dead) h¯A
f
0.823*** 0.815*** 0.829*** 0.820*** 0.00882*
Mean income 1999 y¯As /y¯s 22.6
*** 23.9*** 22.6*** 23.8*** −1.19
Mean  income 2004 (excluding the dead) y¯A
f
27.7*** 28.3*** 28.3*** 28.8*** −0.513
Concentration index 1999 CIAss/CIss 0.0198
*** 0.0153*** 0.0198*** 0.0175*** 0.00237
Concentration index 2004 CIA
ff
0.0243*** 0.0232*** 0.0227*** 0.0216*** 0.00011
Change  in concentration index CI  0.00445 0.00792*** 0.00284 0.00413*** −0.00129
Income-related health mobility MA
H
/MH 0.00155 −0.00382*** −0.0179*** −0.0257*** 0.00784
Income-related morbidity mobility MMB
H
– – 0.000833 −0.00325*** 0.00408
Income-related mortality mobility MMT
H
– – −0.0187*** −0.0225*** 0.00376
Progressivity index P 0.192 0.310*** 0.355*** 0.357*** 0.00178
Morbidity progressivity PMB – – 0.173 0.249*** −0.0763
Mortality progressivity PMT – – 0.339*** 0.381*** −0.0415
Scale  factor q 0.00807 −0.0123*** −0.0504*** −0.0721*** 0.0217*
Morbidity scale factor qMB – – 0.00458 −0.0121*** 0.0167***
Mortality scale factor qMT – – −0.0525*** −0.0551*** 0.00254
Health-related income mobility MA
R
/MR 0.00600*** 0.00410*** −0.0151** −0.0216*** 0.00655
Due  to income re-ranking of those still alive MMB
R
– – 0.00687*** 0.00442*** 0.00244
Due  to income re-ranking as the dead drop-out MMT
R
– – −0.0219*** −0.0260*** 0.00410
The “Mortality treated as a form of attrition using IPWs” statistics use sample weights that are derived on the basis that death is just another form of attrition whereas
“Mortality accounted for explicitly in the decomposition “statistics use sample weights where death is not treated as a form of attrition and instead explicitly accounted for
in  the decomposition. The lower and upper 95% bootstrapped percentile conﬁdence intervals from 2000 replications can be found in the working paper version (Petrie et
al.,  2010). Income is measured in thousands of pounds. Note that when the deaths are excluded and just treated as attrition this places greater weight on those remaining
individuals who  were poor and sick in 1999 compared to when deaths are explicitly included in the analysis. Death is assumed to have a QALY weight of zero.
* Signiﬁcant at 10% level.
** Signiﬁcant at 5% level.
*** Signiﬁcant at 1% level.
Table 3
Females concentration and mobility indices for Scotland and England & Wales.
Mortality treated as a form of
attrition using IPWs
Mortality explicitly accounted for in the
decomposition
Scotland England & Wales Scotland England & Wales Scotland-E&W
differences
Mean health 1999 h¯As /h¯s 0.786
*** 0.782*** 0.785*** 0.780*** 0.00440
Mean health 2004 (including the dead) h¯f – – 0.730*** 0.732*** −0.00231
Mean  health 2004 (excluding the dead) h¯A
f
0.774*** 0.774*** 0.782*** 0.780*** 0.00183
Mean  income 1999 y¯As /y¯s 21.3
*** 22.1*** 21.3*** 22.0*** −0.685
Mean  income 2004 (excluding the dead) y¯A
f
24.8*** 26.0*** 25.3*** 26.5*** −1.23*
Concentration index 1999 CIAss/CIss 0.0181
*** 0.0185*** 0.0186*** 0.0205*** −0.00186
Concentration index 2004 CIA
ff
0.0240*** 0.0276*** 0.0220*** 0.0261*** −0.00417
Change  in concentration index CI  0.00594* 0.00908*** 0.00336 0.00568*** −0.0230
Income-related health mobility MA
H
/MH −0.00137 −0.00558*** −0.0198*** −0.0273*** 0.00756*
Income-related morbidity mobility MMB
H
– – −0.000444 −0.00534*** 0.00490
Income-related mortality mobility MMT
H
– – −0.0193*** −0.0220*** 0.00266
Progressivity index P 0.0897 0.547*** 0.265*** 0.419*** −0.154**
Morbidity progressivity PMB – – 0.0271 0.480*** −0.453*
Mortality progressivity PMT – – 0.332*** 0.406*** −0.0745
Scale  factor q −0.0153*** −0.0102*** −0.0747*** −0.0653*** −0.00940
Morbidity scale factor qMB – – −0.0152*** −0.0104*** −0.00480
Mortality scale factor qMT – – −0.0543*** −0.0508*** −0.00341
Health-related income mobility MA
R
/MR 0.00457 0.00351** −0.0164*** −0.0217*** 0.00525
Due  to income re-ranking of those still alive MMB
R
– – 0.00516* 0.00395*** 0.00122
Due  to income re-ranking as the dead drop-out MMT
R
– – −0.0216** −0.0256*** 0.00403
The “Mortality treated as a form of attrition using IPWs” statistics use sample weights that are derived on the basis that death is just another form of attrition whereas
“Mortality accounted for explicitly in the decomposition “statistics use sample weights where death is not treated as a form of attrition and instead explicitly accounted for
in  the decomposition. The lower and upper 95% bootstrapped percentile conﬁdence intervals from 2000 replications can be found in the working paper version (Petrie et
al.,  2010). Income is measured in thousands of pounds. Note that when the deaths are excluded and just treated as attrition this places greater weight on those remaining
individuals who  were poor and sick in 1999 compared to when deaths are explicitly included in the analysis. Death is assumed to have a QALY weight of zero.
* Signiﬁcant at 10% level.
** Signiﬁcant at 5% level.
*** Signiﬁcant at 1% level.
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ow incomes experienced a larger share of the total net health gains
ompared to their initial share of health (although not signiﬁcantly
o at conventional levels). However, if deaths are explicitly incor-
orated in the decomposition the result completely reverses with
ealth changes now shown to have been signiﬁcantly regressive
ith the poor experiencing a greater relative share of what are
ow total net health losses compared to their initial share of health.
his bias in the income-related health mobility related to the IPWs
reatment of deaths is also evident in Tables 2 and 3 for Scottish
emales, English & Welsh males and English & Welsh females. Thus,
ncome-related health mobility in these cases goes from having a
ildly regressive effect when mortality is treated using IPWs to be
eing 14.5, 6.7 and 4.9 times larger respectively when mortality is
xplicitly accounted for in the decomposition analysis.
The further decomposition of income-related health mobility
n terms of mortality and morbidity contributions are also pro-
ided in Tables 2 and 3. The results show mortality-related health
hanges as the dominant factor of income-related health mobil-
ty. This dominance was  in part due to the large contribution that
eaths make to the overall scale of net health changes q.21 Addi-
ionally, the distribution of mortality-related health changes had
igher regressivity than morbidity-related changes for males in
oth regions and for females in Scotland.22
For all cases, when mortality is treated as a form of attrition
sing IPWs, health-related income mobility (MAR ) is positive, result-
ng in a larger ﬁnal CI. This is because those with lower ﬁnal health
re more likely to have moved down the income rank between 1999
nd 2004. When deaths are explicitly accounted for in the decom-
osition, the effect of income re-ranking among the survivors MMBR
s virtually the same as MAR . However, this positive effect on the ﬁnal
I is more than offset by the effect of income re-ranking resulting
rom the dead dropping out of the population MMTR . This negative
ffect is because the dead, who were mostly the initially poor, drop
ut of the income distribution resulting in a lower income rank for
he survivors. This produces a smaller ﬁnal CI compared to if the
ead had remained in the ﬁnal concentration index with their ini-
ial income rank. Thus, overall health-related income mobility MR
ives rise to an improvement in the CI of the population alive in
he ﬁnal period even though it is a consequence of the undesirable
ituation where the initially poor are more likely to die.
From these results we can see that mortality plays a large role in
xplaining the evolution of income-related health inequalities over
ime, and the small changes in cross-sectional CI’s  between 1994
nd 2004 hide large underlying changes in health and income at
he individual level.
.4. Sensitivity to mortality assumption
Even when we take a conservative approach and assume mor-
ality equal to the lowest health level achieved of those still living
n the ﬁnal period (0.319) instead of zero, we ﬁnd large differ-
nces in income-related health mobility compared to the estimates
btained by treating deaths as just another form of attrition using
PWs. Given this conservative assumption, Scottish males’ income-
21 Mortality accounts for a much larger share of total net health losses than
f  absolute health changes because all deaths result in a loss of health whereas
orbidity-related health changes may  be either positive or negative.
22 Note that the positive PMB value for Scottish males implies that the distribution
f  morbidity-related health changes in this population group was progressive as
et morbidity-related health gains were concentrated among the poor, whereas
ositive PMB values for the other groups are associated with regressive morbidity-
elated health changes due to the concentration of net health losses among the poor.
ositive PMT for all groups imply the regressive distribution of mortality-related
ealth changes given that death implies a loss of health by deﬁnition.
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elated health mobility is still regressive (MH = −0.00873) when
eaths are accounted for explicitly in the decomposition compared
o being progressive in the IPW case. While for Scottish females,
nglish & Welsh males and English & Welsh females, income-
elated health mobility goes from having a mild regressive effect
hen mortality is treated using IPWs to being 7.4, 3.9 and 2.8 times
arger respectively when mortality is explicitly incorporated into
he decomposition analysis with the dead given a QALY weight of
.319.
.5. Comparing the results across regions
After explicitly accounting for mortality in the decomposition,
oth males and females in England & Wales have more regressive
evels of income-related health mobility than in Scotland, though
he differences are only signiﬁcant at the 10% level for females.
xamining the progressivity index and the scale factors for the two
egions allows us to explore the extent to which this is a result of
ifferences in the concentration of relative health changes among
he poor or in the size of the net health changes, respectively. For
ales, the relative health losses in England & Wales are signiﬁ-
antly larger (10% level) than for Scotland and this appears to drive
he higher income-related health mobility. While for females the
pposite appears true with the higher progressivity index in Eng-
and & Wales, which is signiﬁcantly different at the 5% level, driving
he differences and suggesting that the relative health losses in
nglish & Welsh females were more concentrated within the poor
han in Scotland.
. Conclusion
This paper extends Allanson et al. (2010) by outlining a decom-
osition method in order to explicitly account for mortality in
he longitudinal analysis of income-related health inequalities.
xcluding deaths from the decomposition analysis may  give a
isleading picture of the performance in tackling income-related
ealth inequalities. For example, a constant or even increasing
ross-sectional concentration index of the population over time
ay  not be a bad outcome if it is a result of efforts to keep the
oor and sick alive for longer than previously may  have been the
ase. Moreover, simply re-weighting the sample to account for
ortality-related attrition does not solve the problem as those
ho die between the initial and ﬁnal periods experience the most
xtreme health changes possible and are thus signiﬁcantly different
rom those with similar initial characteristics whom stay alive.
The decomposition method outlined in the current paper
rovides a comprehensive picture of the extent to which both mor-
idity changes and mortality are related to socioeconomic status
nd how these impact on income-related health inequalities. Using
he performance in reducing income-related health inequalities of
ngland & Wales and Scotland from 1999 till 2004 as an example
t was  found that explicitly accounting for the dead is important
nd can lead to very different results compared to when mortality
s treated as just another form of attrition.
Accounting for deaths in the decomposition analysis shows that
he relative health changes for both regions and genders between
999 and 2004 were signiﬁcantly regressive such that the initially
oor experienced a greater share of the health losses compared
o their initial share of health. This was mostly because those who
ere initially poor were more likely to die between the two periodshan the rich. However, as the dead drop out of the population
his also contributes to a lower ﬁnal cross-sectional CI of those still
live in 2004 compared to if those who had died between 1999 and
004 were included in the ﬁnal CI but given their initial income
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Table A1
Probit models used to adjust sample weights.
Dependent variable Health Data available for 1999 Not in ECHP sample Health data available for 2004
and not reported dead
Health data available for
2004 or reported dead
Explanatory variable Coefﬁcient (std error) Coefﬁcient (std error) Coefﬁcient (std error) Coefﬁcient (std error)
Constant 2.89*** (0.112) 0.656*** (0.105) −0.127 (0.0858) 0.00882 (0.0903)
Age  −0.0113*** (0.00168) −0.0021** (0.00081) 0.000809 (0.000641) 0.0116*** (0.000687)
Income (1999) 0.000240 (0.00154) 0.0106*** (0.00098) 0.00369*** (0.000663) 0.00231*** (0.000645)
Health  (1999) – 0.649*** (0.110) 0.811*** (0.0901) 0.232** (0.0953)
Male 0.0351 (0.0645) −0.0011 (0.0300) −0.106*** (0.0232) −0.0624*** (0.0240)
Scotland 0.0705 (0.0806) 0.361*** (0.040) −0.207*** (0.0267) −0.201*** (0.0275)
Sample size 14,986 14,845 13,516 13,516
Pseudo  R2 0.0313 0.0343 0.0123 0.0244
All dependent variables are equal to 1 when they are still included in the sample and 0 when they are to be excluded from the sample. Age refers to the age in 1999. Scotland
refers  to the fact that the individual was recorded as resident in Scotland in 1999 and are given a value of zero if they are resident in England or Wales in 1999. Note that two
individuals do not report their age and therefore these are individual were given their original cross-sectional weights with no adjustments. Income is equivalised annual
income measured in thousands of pounds.
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sSigniﬁcant at 10% level.
** Signiﬁcant at 5% level.
*** Signiﬁcant at 1% level.
ank. If the health system in these regions had done a better job at
eeping the poor and sick alive then this would be revealed in our
ew decompositions as a positive development, by making income-
elated health mobility less regressive, even though it would have
ade the 2004 CI appear more pro-rich.
When deaths are explicitly taken into account all of the mobility
ndices are signiﬁcant for each region and gender, however, there
re few signiﬁcant differences between regions. For females the
igniﬁcant differences suggest that the relative health losses are
ore concentrated among the poor in England & Wales compared
o Scotland and this led to more regressive levels of income-related
ealth mobility in England & Wales. While for males there is some
vidence to suggest that those in England & Wales experienced a
arger total relative health loss over the period than their Scottish
ounterparts, but there was very little difference in terms of how
oncentrated these relative health losses were among the poor.
While the current methods are a signiﬁcant improvement on
revious work, there are still a number of caveats worth men-
ioning. In the current analysis we have only considered the
ongitudinal analysis of those that reported their health and income
evels in the initial period and thus have excluded from the analysis
ome individuals who were alive in the initial period but for some
eason may  not have completed the full questionnaire.23 As such
he analysis may  not be representative of the population as a whole
f those that did not answer the initial questionnaire experienced
ifferent longitudinal outcomes than those that did. Also by using
PWs for non-mortality related attrition we have assumed that
hose who did not provide responses to the questionnaire in the
nal period due to reasons other than mortality experienced sim-
lar patterns in terms of health and income rank changes between
he initial and ﬁnal periods as their counterparts with similar char-
cteristics in the initial period. While this assumption is unlikely
o hold, we may  only expect small differences in the results given
hat only a small percentage of the sample are in non-mortality
elated attrition categories that also suggest a poor longitudinal
ealth experience. However, further research could explore the
xtent to which this assumption impacts on the results.24
23 The longitudinal data will also not capture the experience of those who  enter
he population during the period such as recent migrants or those born during the
eriod.
24 This could be done by conducting a sensitivity analysis where those in some
ttrition categories are assumed to have a certain ﬁnal health state, though these
ssumptions themselves would be rather arbitrary.
A
R
A
AIt is also worth noting that the comparison of mobility indices
cross countries and genders may  be misleading to the extent
hat socioeconomic health differentials may  be expected to have
hanged over the period simply due to both the ageing of the
ample (Kiula and Mieszkowski, 2007) and changes in other deter-
inants of health which may  differ across populations groups and
ountries. Further research is needed to develop standardized mea-
ures of mobility to account for those factors which are outside the
ontrol of policy.
While the decomposition in this paper has been applied to the
hange in the CI over time and therefore measures changes in rel-
tive income-related health inequalities it can be easily extended
o consider the decomposition of changes in absolute measures
r absolute measures adjusted for the bounds of the health vari-
ble (Erreygers, 2009) plus other income-related health inequality
easurement tools (see Allanson, 2010).
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